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Descript'O" 

TECHNICAL FIELD OF THE INVENTION 

This inventon relates generally to tne t.eld of inte- 
flfa ^circuit panging, and m,e particularly to wafer 
?evel packaging of integrated circuits 

BACKGROUND OF THE INVENTION 

The processes involved in the fabrication and pack- 
ing of circuit chips are well known. Typically, an array 
of dentical circuits is patterned onto a circular sem-oon- 
?u2r wafer using well known micro-Hhograph.c tech- 
ntaues The wafer is then sawed .mo many rectangular .5 
nieces to separate the individual circuits from one 
another, so that each circuit occupies its own circuit 

Ch,P The chips are individually mounted onto lead 
frames, where they are held in place by means of an 20 

poxy A wire bonder is then used to establish electncal 
connections between the d.e pads on the ch.p and the 
respective leads of the lead frame. 

With the chip physically and electrically attached to 
the lead frame, the chip and lead Irame are placed into 21 
mold equipment, where plastic is transfer molded to sur- 
round the assembly. This plastic packaging serves to 
protect the chip from exposure to tight, moisture and 
contamination, which could damage the circuit compo- 
nents as well as making the entire assembly mechan.- 30 
cally rigid and durable. The molded plastic is then cured 
by means of heating in an oven for several hours. 

The leads of the lead frame are then trimmed and 
formed into the desired shape. For example, the leads 
may be formed into a 'gull wing' shape for surface- 35 
mounted chips. At this stage, various electrical and 
mechanical tests are performed to determine whether 
the chip will function for its intended purpose. 

The circuit chip industry is very cost-competitive. It 
is therefore desirable to shorten, streamline or elim.nate 40 
packaging steps to shorten production time and reduce 
production costs tar the chips. 

SUMMARY OF THE INVENTION 

Accordingly, a need has arisen in the art for an 
improved integrated circuit packaging. The present 
invention provides a method of packaging integrated cir- 
cuits at the wafer level. Additionally, the present inven- 
tion provides a chip size package. 5f ' 

In accordance with the present invention, an inte- 
grated circuit package may include an integrated circuit 
chip. A lead frame may be opposite the circuit side of 
the integrated circuit chip. The lead frame may include 
at least one lead electrically coupled tc the integrated ss 
circuit by a connector. The lead may be within a periph- 
ery of the integrated circuit chip. An encapsulate may 
cover the integrated circuit, the connecto f anc* a portion 



of the lead Irame A remaining ponon of the lead Irame 
may be exposed from the encapsulant 

More specifically, in accordance with one embodi- 
ment of the present invention, an integrated circuit may 
be packaged at the wafer level. In trvs embodiment, a 
sheet of lead frames may be opposite a plurality of inte- 
grated circuit chips. The encapsulate may cover the 
integrated circuits and a portion of each lead frame 
Each encapsulated integrated circuit and opposing lead 
frame may form a discrete integrated circuit package. 

Important technical advantages of the present 
invention include providing chip size packages tor inte- 
grated circuits. In particular, a lead frame, conneciors 
and encapsulant do not extend beyond a periphery of 
an opposing integrated circuit chip Accordingly, pack- 
age volume is minimized and the chip may be used m 
devices requiring extremely smalt chips. 

Another technical advantage of the present inven- 
tion includes providing a method of packaging inte- 
grated circuit chips at the wafer level. In particular, 
integrated circuit chips may be packaged concurrently 
while stilt part of a wafer. Accordingly, the packaging 
process may be carried out as a continuation of the 
wafer fabrication process. This serves tc streamline and 
shorten the assembly and packaging process. 



BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understating of the present 
invention and its advantages thereof, references now 
made to the following description taken in conjunction 
with the accompanying drawing, wherein like reference 
numerals represent like parts, in which: 

FIGURES TA-E are a series of schematic cross- 
sectional diagrams illustrating wafer level packag- 
ing of an integrated circuit in accordance with one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The preferred embodiments of the present inven- 
tion and its advantages are best understood by referring 
now in more detail to FIGURES 1 A-E of the drawings, in 
which like numerals refer to like parts throughout the 
several views. FIGURES 1A-E illustrate a method of 
packaging integrated circuits at the wafer level. Water 
level packaging may be carried out as a continuation of 
the water fabrication process to streamline and shorten 
the packaging process. 

FIGURE 1 A shows a patterned wafer 10. The pat- 
terned wafer 10 may comprise a substrate 12 and a plu- 
rality of integrated circuits 14 formed in a surface 16 of 
the substrate 12. Tne substrate 12 may include one or 
more layers of semiconductor material. For example, 
the substrate 12 may include an epitaxial layer grown on 
a water. 

The integrated circuits 14 may each include a piu- 
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„• hood pads 18 electrically coupled to the .nte- 

° ra ^l a r e pro^de electrical contacts through wh,ch 
^ Crated circuit 14 may be connected to external 
the ' Ss in one embodiment, the bond pads 18 
M t ■ Soosed along a center line 20 0! the integrated 
"SflJtw* embodiment, the number and conbgu- 
^ of the bond pads 18 may vary depend.ng on the 
^lon For example, the integrated circurt 14 may 
one or more staggered or parallel rows o. bond 
3f J "t will be understood that the bond pads 8 
S?b! disposed elsewhere on the integrated ecu,, 14 
wUhin the scope ol the p-esem irt,ent,on. 

Each integrated circuit 14 and surrounding section 
0, ^ substrate 12 may define a d.screie integrated *<■ 
MP 22. The integrated circuit chips 22 may each be 
oad^ad to provide connections to external compo- 
nent a*d to provide protection Irom environmental ac- 
2T Twical* patterned waters ere" sawed into 

Sated circuit chips are each sepa-ate.y mounted 
aXup-ed to a lead trame. and then encapsulated 
S Sat lead frame. A problem with th.s method is that 
me separate packaging ot integrated circurt chips js 
& ^consuming and costly Additionally r, prevems 
^ckaging 1rom being carried out as a cont.no-t.on ot 
the water fabrication process. 

The present invention solves this problem by pro- 
viding a method of packaging integrated circuit chips at 
me wafer level. As described in more detail below the 
ntegrated circuit chips 22 are packaged concurrent y 
S? e sbl. part of the patterned water 10. Accord.ng.y. 
the packaging process may be carried 0*. « . conjnu- 
ation of the water fabrication process. Th.s serves .to 
streamline and shorten the packaging process. Mo«»- 
v r. as a«so described in more detail below . th m^hod 
of the present invention produces a ch.ps.ze P**f 9 e - 
As a result, the packaged integrated circuit ch.ps 22 
may be used in applications which require 
devices consuming an area not larger than .nd.vdual 

^Referring to FIGURE IB. a polymide coating 24 
may be applied to the surface 16 ot the substrate 12. 
The polymide coating 24 may provide better adhesion 
for ncapsulating material that will cover and protect the 
integrated circuits 14. Conventional pattern _ etching 
techniques may be used to prevent the poiym.de coat- 
ing 24 from covering the bonding pads 16 It w.ll be 
understood that other or no coatings may be used wrth.n 
the scope of the present invention. 

A sheet ol lead frames 26 may be d.sposed oppo- 
site the surface 1 6 of the substrate 1 2 The sheet of lead 
frames 26 may include a plurality of individual lead 
frames 28 that each provide electrical connections for 
one of the integrated circuit chips 22. 

The sheet of lead frames 26 may be a un.tary shee. 
of material In one embodiment, the material of the lead 
frames 28 nay be Alloy 42 locally plated wr.n s.ive. It 



will be understood that a va-.ety ot other materials may 
be used fo< the lead frames 28 wtthin the scop* ot the 
present invention 

The lead fames 2e nay each include a piu-aKy of 
. leads 30 within a periphery 32 ot an opposing .nteg-eted 
circuit chip 22 Accordingly, me leads 30 dc not overfap 
other integrated circuit chips 22 As described in more 
detail below, the leads 30 may be electrically coupled to 
the bonding pads 18 and extend from the encapsulani 
ir (or connection to externa", components. 

In one embodiment, the leads 30 may be m a dual 
level configuration. In this configuration, as shown by 
FIGURE IB an upper set 0! leads 30 may be disposed 
on a lower set of leads 30 Accordingly, the dual level 
,« configuration provides a g-eater number of leads 30 to. 
the integrated circuit chips 22. The lead frames 28 may 
also include an elongated strip (not shown) connecting 
one or more leads 30. The strip may be employed as a 
ground or supply voltage conductor. II will be under- 
7- stood that other lead frame 28 configurations may be 
used within the scope of the present invent.on 

The leads 30 may each have a distal end 34 for 
connection to an external device In one embodiment 
as shown by FIGURE iB. the distal ends 34 are m sub- 
« stantially one plane and may extend the periphery r 32 of 
the integrated circuit chip 22. In this embodiment the 
lead frames 2e may be cut from the lead frame sheet 26 
by the post packaging sawing process used to cu. the 
patterned water 10 into individual integrated crcu.t 

35 shown by FIGURE 1 B. each distal end 34 may 

be substantially parallel to the integrated circurt chp22. 
in one embodiment, the distal end Z< may .nclude palla- 
dium. The palladium pre-ptating allows the distal end 1*4 
3 « io be more easily soldered to a printed circu.t board and 
Se tike. It will be understood that the dista- end 34 may 
include other or no pre-p.ating ^™*^\f*° 
present invention. For example, the distal end 34 may 

be solder pre-plated 
40 The lead frames 28 may each be mourned » 
opposing integrated c.rcuit ch.p 22. In one embodiment 
^adhesive tape 40 may be used .0 mount th lead 
irames 28 to the opposing integrated orcu ch. > 22- 
Preferably the adhesive tape 40 is non-conducting to 
4S p SS e'ect'ea. shorting The adhesive tape 40 may 
S on both sides to adhere to the polym.de laye. 
% arS?o the leads 30 of the lead frame , » The 
s-ve tape 40 may be attached to the lead frame 28 in a 
varfew of ways and a variety 0! thicknesses Such rneth- 
sc Z Z well U>wn and win no, be 

Additionally, the upper set of leads 30 may oe 
mounted to tne lower set o. leads 30 by the .adhesive 
tope 40. Although the use of adhesive tape 40 ha been 
^cussed fo, mounting the leads 30. .t will be unde- 
55 stood that tne lead frames 28 ^ 

mounted to the opposing integrated orcmt chip 22. S m 
ilarly the upper leads nay be otherw.se mounted to the 
Iter leadf For example, ne leacs 30 and*, lead 
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o 8 may be mechanically coupleo by an epoxy or 
frame £8 

the Tarring to FIGURE iC. a comedo- 42 may eiec- 
* Se the leads 30 to the bonding pads * ol 
^^Sq integrated ci.cu.. chip 22. In one embod- 
the connectors « may each comprise a wre 
ment, J .« a lead 30 and to a bonding pad 18 In this 
■"SlrL the wire may be any thin, durable conduc 
6 «£l in a particular embod.mem. the wire may be 
tiV ?^ having a diameter ol about 10 to 1 .2 mils The 
e°» "J * wedge, ball or similarly bonded to the leads 
Wfe ^f!hV bonding pads 18. In one embodiment, the 
30 re 8 tSn 9 P^est may use ,ape;oida. loopinc 
^fch reVutts in a tow looping prolite it will be under- 
that the connector 42 may be other than a we 
S£ M scope o' »ne present invention For example. 
S SSSSa may be a solder or a gold bail, or arte, 

n n y ^o HGUBE 1 D. the integrate ^ chips 
22 connectors 42 and at least a port.on ot the lead 
£T» may be encapsulated. The encapsu*n 44 
serves to protect the integrated arcu.t chips 22 t<om 
exSu e to environmental factors that could damage 
uSSi components. The encapsulant 44 also serves 
o mSe thelntire assembly mechanically r.gid and 
durable Each encapsulated integrated circuit, connec- 
ters^ opposing lead frame may form a discrete mie- 

grated circuit package 50. 

In one embodiment, the encapsulant 44 may be 
aoolied to only the side ol the wafer to including the 
Sated circuits 14. connectors 42 and lead .rames 
28%* encapsulant 44 may be applied as a l£u,d by - 
syringe. In this embodiment, the hqu-d may be al lutt 
Z 'scosrty and quicWy solidity. It win be understood 
that the encapsulant 44 may be otherwise applied w,,h,n 
the scoped the present invention. For example the 
encapsulant 44 may be applied using conventional 
transfer molding or 3P molding technology, a mo d cav- 
ity as large as the wale. 10 or the like. It w.ll be further 
understood that both sides of the wafer 10 may be 
encapsulated within the scope of the present invention 
As shown by FIGURE 10. a remaining portion ol 
each lead 30 may remain exposed after encapsulate. 
The exposed portion of the leads 30 provide connec- 
tions tor the integrated circurt chip 22 to external compo- 
nents, such as a printed circuit board and the like In 
one embodiment, the exposed porfon ot the leads 30 
may be the distal ends 34. As previously discussed, the 
distal ends 34 may be pre-piating with palladium to be 
more easily soldered to a printed circuit board or the 

like- , . 

The distal ends 34 may be left exposed by reguW- 

ing the volume of encapsulant 44 applied to the water 

10. For the embodiment of FIGURE lD. the volume ol 

the encapsulant 44 may be the amount necessary to fill 

up to an underside 46 of the distal ends 34. In this 

errtjodiment. the distal ends 34 may be substantially 

parallel to the integrated circuit ch.p 22 to alicw me 
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encapsulant 44 to Ml up to the underside 46 ol the d.stal 
ends 34 without covering an outer side 46 ol the distal 
ends 34 The substantially parallel distal ends 34 will 
also allow the packaged chip to s.t Hat aga.nst a pr.nted 
circuit board or the like. 

Referring to FIGURE iE. the encapsulated wafer 
may be sawed to detach the individual integrated circuit 
packages 50 Irom one another. In accordance with the 
present invention, the integrated circuit packages 50 
may be complete and ready for testing, stenciling and 
shipment to customers. If desired, however, ends 52 of 
the integrated circuit packages 50 and/or the back side 
54 ol the substrate 12 may be first sealed. Accord.ngly. 
the Present invention provides a method ol packaging 
integrated circuits al the water level. The waler level 
packaging may be carried oul as a continuation ot the 
wafer fabrication process to streamline and shorten the 

packaging process. . 

As shown by FIGURE IE. each integrated cucuit 
package 50 may be a chip sized package. Accord.ngly 
neither the lead frame 28. connectors 42 or encapsulant 
44 exiend beyond the periphery 32 of the integrated cir- 
cuit chip 22. As a result, package volume is minimized 
and the chip may be used in devices requiring extremely 

small chips. , ... 

Although the present invention has been described 
with several embodiments, various changes and modif i- 
cations may be suggested to one skilled in the art. It .s 
intended that the present invention encompass all such 
o: changes and modifications as fall within the scope ol 
the present invention. 

Claims 

35 i. An integrated circuit package, comprising: 

an integrated circuit chip including an inte- 
grated circuit; 

a lead frame including at least one lead electri- 
cally coupled to the integrated circuit by a con- 
nector; the lead being disposed within a 
periphery of the integrated circuit; 
an encapsulant covering the integrated circuit 
the connector, and at least a portion ol the lead 

frame; and . 

a remaining portion of the lead frame exposed 

from the encapsulant. 

2. The integrated circurt package of Claim 1. further 
comprising: 

the lead frame including a plurality of leads, 
each lead electrically coupled to the integrated 
circuit by a connector; artf each lead being dis- 
posed within the periphery ol the integrated cir- 
cuit chip. 

3. The integrated circuit package o< Claim i or Claim 
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^ . , n! the lead is substantially 

2 wherem a distal end ot me 

parallel to the integiated circuit chip 

integrated circuit package ol any of Claims 1 i to 

3 wherein the connector is a wue bonded to 
lead and to the integrated circuit. 

The integrated circuit package ol any of Claims 1 to 
4, further comprising: |fl 

a bonding pad electrically coupled to the inte- 
orated circuit; 

the bonding pad being disposed proximate tc a 
«merline o. the integrated circuit, and the ^ 
nector being a wire bonded to the lead »nd to 
the bonding pad. 

fi The integrated circuit package ot any ot Claims 1 to 
6 - ?Sn the or each lead is plated with palladium. 
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7. a packaged device, comprising: 



a device including a plurality o! integrated or- 

eachSegrated circuit chip including an inte- * 

orated circuit; 
a lead frame electrically coupled to an oppos- 
ing integrated circuit by a connector; the lead 
being disposed within a periphery ol an oppos- ^ 
ing integrated circuit; 

an encapsulate covering the integrated C.rcurtS. 
the connectors, and at least a portion of ea-h 
lead frame; and 

a remaining portion of each lead frame 
exposed from the encapsulant. 

8 The packaged device of Claim 7. wherein the sheet 
o!7eao frames comprises a unitary sheet of mate- 
rial. 40 

9 The packaged device ot Claim 7 or Claim 8. 
' wherein the lead frames each further comprise: 

a plurality of leads; each electrically coupled to 
the opposing integrated circuit by a connector. <s 

and 

the leads each being disposed within the 
periphery of the opposing integrated orcurt 
chip. 

10 The packaged device ot any ot Claims 7 to 9. 
' wherein a distal end of the or each lead is substan- 
tially parallel to the opposing integrated circuit chip. 

11. The packaged device of any of Claims 7 to 10. 
wherein each connector is a wire bonded to the 
lead and to the opposing irr.egiated circuit 



12. The packaged device of any o< Claims 7 to 1 1. ■«<• 
ther comprising. 

a bonding pad electrically coupled to each of 
the .ntegrated circuits; the bonding pad dis- 
posed proximate to a centerline of the mi- 
grated circuit; and the connector being a wire 
bonded to the lead and to the bonding pad. 

13. The packaged device ol any of Claims 7 to 12. 
wherein the or each lead is plated wrth palladium. 

14. A method of packaging an integrated circuit, com- 
prising the steps o!: 

disposing a frame opposite a plurality of inte- 
grated circuit chips each including an .nte- 
grated circuit, the lead frame including a lead 
within a periphery of an opposing .ntegrated 

eScally coupling the lead of the lead frame 
to the opposing integrated circuit chip; and 
encapsulating the integrated circuits and a por- 
tion ol the lead frame, each encapsulated inte- 
grated circuit and opposing lead frame forming 
a discrete integrated circuit package. 
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is The method of Claim 14. wherein the step of dis- 
posinTthe lead frame comprises a lead frame com- 
prising a unitary sheet of material. 

16 The method of Claim 14 or Claim 15. wherein the 
16 ' Tep of electrically coupling the lead to .n opposing 

integrated circuit comprises the step of bond ng s 
wire to the lead and to a bonding pad of the 
opposed integrated circuit. 

17 The method of any of Claims 14 to 16. further com- 
Jsing the step of detaching the integrated circuit 
packages from one another. 

18. The method of any of Claims U » 

prising the step of mounting each lead frame to the 
opposing integrated circuit. 

, o The method of any of Claims 1 4 to 1 8. further corn- 
prising the step oi forming a polymide layer on the 
integrated circuit chips. 

?o The method ol any of Claims 14 to 1 9. further com- 
2 K the step of plating the lead with palladium. 
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